This study investigated the phytochemical, antimicrobial and antioxidant properties of methanolic leaf fractionated extracts of Excoecaria agallocha. Antibacterial activity test of fractionated extract of Excoecaria agallocha was conducted via Disk diffusion assay. Micro titer broth dilution technique was performed to determine the minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration (MBC). Qualitative and quantitative DPPH radical scavenging activity determines the antioxidant activity in E. agallocha. Chromatographic separation was completed using thin layer chromatography (TLC) and column chromatographic techniques. Phytochemical screening of fractionated extract revealed active constituents including alkaloids, saponins, flavonoids, terpenoid and tannins. In vitro antibacterial activity of columnfractionated extract demonstrated inhibitory effect against Flavobacterium indicum, Chryseobacterium meningosepticum, Chryseobacterium indologenes and Chryseobacterium gleum isolated from diseased fish. MIC and MBC of E. agallocha fractionated extract was 1.56 mg/ml and 3.12 mg/ml, respectively. TLC-based qualitative DPPH analysis revealed antioxidant activity in E. agallocha extract, specified by yellowish stain on maroon color TLC plate. These bands indicate the presence of various compounds that could act as potential antimicrobial agents. The present study indicates that E. agallocha leaves contain active phytochemicals which inhibit bacteria and could be useful in the treatment of microbial infections in fish.
A significant increase in the use of antimicrobial drugs for the control and treatment of disease-related issues in fish farming has been observed 1 . Plant-based medicines are currently playing a major role in the treatment of disease due to minimally observed side effects. Extracts from mangroves and mangrove-associated species have proven to possess antimicrobial activities against humans, animals, and plant pathogens 2 . One mangrove species, Excoecaria agallocha (Euphorbiaceae) has been widely used in traditional medicine 3 . The bark and wood of this species have been used for the treatment of flatulence in Thailand, whereas the leaves and latex are used as fish poison in India 4 . Furthermore, in Pakistan the latex has been used as a remedy for ulcers, rheumatism, leprosy and paralysis 5 . In Sri Lanka, smoke from burning E. agallocha wood is used for leprosy treatment, and the root, when minced with ginger, is used for embrocating swollen hands and feet 6 . Despite these therapeutic uses for E. agallocha, it has been recognized to contain skin irritants. Interactions with skin may trigger inflammation and produce quick blistering; in addition, contact with eyes can cause temporary blindness 7 . Recently, 8 revealed the potential bioactivities of metabolites from mangroves are a good remedy for a number of ailments such as headache, abdominal troubles, and skin diseases. Moreover, mangroves have many bioactivities such as antioxidant, antibacterial, antiviral, and anticancer due to the presence of numerous phytochemicals 9, 10, 11 . The anti-oxidative activity of E. agallocha leaf extract was investigated and the results suggested that environmental plants exposed to strong sunlight might require an efficient antioxidant system 12 . Previously, ethanol extract of E. agallocha showed significant antioxidant activity 13, 14 .While methanolic crude extract of E. agallocha leaves had antioxidant and antibacterial activity 8, 15, 16 . Thus, considering the biomedical importance of mangroves, the present study was carried out to determine the phytochemical, antimicrobial and antioxidant properties of E.agallocha leaf extract.
MATERIALS AND METHODS

Microorganisms
Fish bacterial stocks were obtained from Fish Disease Laboratory, University Malaysia Terengganu (UMT) Malaysia. They include: Flavobacterium indicum, Chryseobacterium indologenes, Chryseobacterium gleum and Elizabethkingia meningoseptica (Chryseobacterium spp, Elizabethkingia spp, previously put under Flavobacterium family).
Collection and extraction
The leaves of Excoecaria agallocha were collected from rural areas in Terengganu, Malaysia (5Ú24'38.29Ú N and 103Ú05'31.32Ú E). The plant was identified at the Plant Taxonomy Laboratory, University Malaysia Terengganu (UMT). The extract of E. agallocha was prepared by standardized procedure as described by 17 .
Phytochemical screening
The methanol extract underwent chemical tests were carried out to identify the constituents using previously described procedures by 18 .
Antibacterial Assay Disk diffusion assay
Disk diffusion assay was carried out on Anacker and Ordal's agar (EAOA) following the method described by 19 . Briefly, the disc (6 mm in diameter) was infused with 10 mg/ml extract (20 ìg / disc) and placed on inoculated agar. Antibiotic disc was used as positive control (Flumequine 30 ìg -disc), and discs impregnated with 20 ìl of methanol was used as negative controls. Discs were then air dried and placed equidistantly onto the surface of the pathogen seeded on Anacker and Ordal's agar (EAOA) and incubated at 28°C for 48 h. The growth inhibition was assessed as the diameter (mm) of the inhibition zone around the discs. The experiment was carried out in triplicate.
Determination of Minimum inhibitory concentration (MIC)
The minimum inhibition concentration (MIC) of the crude extracts was determined for active component that showed antimicrobial activity against test organisms. The micro titer broth dilution technique was performed according to standards methods using sterile 96 well-micro titer plates 20 . Bacteria were cultured overnight in Anacker and Ordal's broth (EAOB) at 28°C and adjusted to achieve a turbidity of 0. . A 100 ìl of Anacker and Ordal's broth (EAOB) were allocated to each wells. For each assay, the first wells were inoculate with 100 ìl of 100 mg/ml crude extracts, followed by the two fold dilution until 0.098mg/ml. Microbial suspensions of 10 ìl were used as inoculants. Positive growth control included broth and inoculums (without extracts suspension). Micro titer plates were sealed with parafilm to ensure the bacteria does not become dehydrated. Plates were further incubated at 28°C for 48 h. After incubation, turbidity of each wells were observed visually and the optical density (OD) were measured at 540 nm by a micro titre reader model 680 (Bio-rad, US). Dilution values lower than the yielding value e" 2 than the doubling concentrations were interpreted as MIC results. The results were confirmed with micro dilution assays with the addition of 10 ìl of 0.1% 2, 3, 5-Triphenyltetrazolium chloride (TTC) (w/v) (Merck, Germany) into each well and incubated for 1h for reaction. Color changes from purple to pink were observed visually where the bacteria were able to reduce the TTC into formazan. The lowest concentrations that inhibit the growth of bacteria with the absence of visual color changes were recorded as MIC. Tests were run in triplicate.
Determination of Minimum bactericidal concentrations (MBC)
MBC extract was determined according to 21 . Plates that displayed negative results from the MIC assay were taken as samples and subcultured onto a new Anacker and Ordal's agar (EAOA) and were incubated at 28°C for 48 h. The MBC inhibited bacterial growth on the agar plate surface and is therefore the lowest extract concentration. Experiments were performed in triplicate, and the mean readings were recorded. If ratio of MBC/MIC was d" 2, the active crude extract was considered as bactericidal; if not, it was considered as bacteriostatic. If the ratio was e"16, then the active crude extract is considered to be ineffective 22 .
Determination of antioxidant properties Qualitative DPPH radical scavenging activity
Silica gel sheets were left to air-dry and then sprayed with a 0.5% solution of 2, 2-Diphenyl-1-picrylhydrazyl (methanolic DPPH) (SigmaAldrich, Germany). After a time lapse of 0.5 h, antioxidant activity was detected as a pale-yellow stain on the purple background 23 .
Quantitative DPPH radical scavenging activity
Methanolic DPPH was used to determine the scavenging activity of extracts. This activity was measured through the bleaching of the purple color methanol solution as described by 24 .
Chromatographic Characterization
Analytical thin layer chromatography (2µl of 1 mg/ml extracts) was performed on TLC silica gel kiesel gel 60 F254 (Art No. 1.05735.0001 Merck, Germany). Silica gel 60 F254 chloroform-ethyl acetate 9:1 (v/v) acts as a mobile phase in a presaturated solvent chamber by using Whatman filter paper No. 1 (Maidstone, UK). TLC was developed 1 cm from the bottom of the plates until the solvent front reached 1 cm from the top of the plates as described by 25 .
Column Packing and Fractionation
Approximately 220,000 mg of Kiesel silica gel (0.040 -0.063 mm; 70 -230 mesh ASTM) (Merck, Germany) were packed into a 250 ml chromatography column using hexane as eluent, tapped slowly and left overnight. Silica gel acted as the stationary phase, while solvents the mobile phase as described by 26 .
Statistical analysis
Data were expressed as mean ± standard deviation of triplicate measurements. Analysis of variance (ANOVA) and the mean was compared with least significant difference (P<0.05) using Gestate 12.1 program.
RESULTS
Extraction and Solvent Partitioning of E. agallocha
A total of 6 crude extracts were obtained from methanolic crude extracts of E. agallocha. The highest extraction yield was found in methanol partitions with a value of 23,110 mg, while hexane partitions gave the lowest extraction yield of 0.500 mg (Table 1) .
Phytochemical screening of E. agallocha
Phytochemical studies showed E. agallocha leaf extracts contained a variety of phytochemical constituents including: tannins, flavonoids, steroid, tarpenoid, and saponin (Table  2) .
In vitro Antimicrobial activity of extracts of E. agallocha against bacteria samples
The present study used two isolates of E. meningoseptica, from e kidney and skin diseased fish. In addition, three species from the same family (C. gleum, C. indologenese and F. indicum) were isolated from diseased fish in Malaysia. The mean zone of inhibition for E. agallocha fractions 1, 2, 3, 4, 5 and 6 on bacterial tested in this study ranged from 0 -6, 0 -11, 0 -8, 0 -17, 6 -23, and 8 -28 mm, respectively. The lowest mean inhibition zone recorded was fraction 1, while the highest mean inhibition zone recorded was fraction 6. There was a significant difference (P < 0.05) among fractions ( Figure 1 ).
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
The antimicrobial activities of the extracts were quantitatively assessed by determining the MIC and MBC, respectively. Fractions 5 and 6 showed the lowest MIC and MBC value at 1.56 (Table 3) . Antioxidant tests Qualitative DPPH radical scavenging activity Color changes were observed on Silica Gel G plates when methanolic extracts of E. agallocha (5 µl) were spotted at the bottom of the plate and sprayed with DPPH. Yellow spots on the purple color of DPPH reagents on TLC indicate positive antioxidant activity (Figure 2) .
Antioxidant (Quantitative analysis)
Quantitative analysis of E. agallocha antioxidant activity was carried out using vitamin C (ascorbic acid) as a standard reference. Higher concentrations of plant extracts produced higher antioxidant activity with R2 value, which is 0.970 ( Figure 3 ). According to the graph, at a concentration of 0.5 mg/ml, vitamin C can achieve level 2 antioxidant activities. However, extracts of E. agallocha need to be at a higher concentration to achieve the same level of antioxidant activity as vitamin C. TLC Profiling of E. agallocha leaf extracts TLC profiles indicated the presence of phytochemical compounds in E. agallocha leaf extracts. Variation of different values of the retention factor (R f ) was the initial step in selecting the appropriate solvent for specific compound isolation, regarding their polarity index value. In this study, TLC profiling of E. agallocha was developed by different solvent mixtures in the visualization of short wave, long wave UV, iodine vapors and sprayed reagents; e.g., Anisaldehydesulphuric reagents, dragendroff's reagents, and FeCl 3 reagents. For the determination of antioxidant properties, the developed TLCs were left to air-dry for 0.25 h and then soaked in a 0.04 % (w/v) solution of 1, 1-diphenyl-2-picrylhydrazyl (DPPH) of methanol. Retention factor (R f ) of methanol crude extracts of E. agallocha were detailed (Figure 4 ).
Retention factor (R f )
The methanol crude extracts of E. agallocha leaves with the mobile phases of ethyl acetate-chloroform (2:8) successfully separated the compounds with the retention factor (R f ). hexane: chloroform and chloroform: ethyl acetate with solvent system chloroform: methanol, revealed four evident spots. Two fractions, ethyl acetate with solvent system dichloromethane: methanol and hexane chloroform with solvent system hexane: methanol revealed two evident spots. Three spots were observed on the methanol fraction with solvent system dichloromethane: methanol. The range of the R f value was 0.24 -0.96 (Table 4) .
DISCUSSION
The results of this explorative experience with crude extracts of Excoecaria agallocha have been contained tannins, flavonoids, steroid, tarpenoid, and saponin. On the other hand, the result of this work indicates that the significant differences within fractions may be attributed to the mangrove-plant extracts and their antimicrobial activity against pathogenic bacterial strains. Our observations in this study in accordance to the results of previous studies by 16, 17, 27, 28 indicated that E. agallocha leaf extracts displayed antimicrobial activity.
Based on disc diffusion results, methanolic crude extract of E. agallocha leaves are in agreement with the result of 29 showed that biological activity test of mangrove E. agallocha crude extract against Vibrio mimicus and V. Costicola of inhibition zone on diffusion agar was 10.35 ± 0.05 and 12.6 ± 0.05 mm, respectively.
The results of present study are corroborated by the findings of 28 reported that the mangrove leaf extracts of E. agallocha showed maximum inhibitory activity was 18 mm against Streptoccocus aureus. The diameters of the zone of inhibition shown by the methanol extract against the pathogenic bacteria in this study were similar to the finding by 30 . The present results revealed E. agallocha minimal inhibition concentration (MIC) value was 1.56 mg/ml, and the minimal bactericidal concentration (MBC) value was 3.12 mg/ml against bacteria. In comparison with the result of the study of 14 stated that the MIC of E. agallocha leaf extract ranged from 5 to 7 mg/ml against the following bacteria: Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus epidermidis, Staphylococcus aureus, Vibrio cholera, Shigella flexneri, Bacillus licheniformis, Bacillus brevis and Escherichia coli. Furthermore, the partitioned portions of methanolic extract of E. agallocha revealed the existence of tannins, flavonoids, alkaloids and saponins. These are compounds that are known to have various curative effects against most pathogenic organisms as reported by many researchers 31, 32 . The results of the present study are corroborated by the findings of 33 that the highest antibacterial activities in mangrove halophytes were due to the presence of high content of phenols, which include phytochemicals such as; alkaloids, tannins and flavonoids, are present in the E. agallocha extract. However, alkaloids have numerous functions including analgesics, anti-inflammatory, antispasmodic and bactericidal effects 34 . Moreover, tannins display anticancer activity and inhibition of cell protein synthesis 35 . Also, steroidal extracts displayed antibacterial activities 36 , while flavonoids exhibit antimicrobial and antioxidant properties 37 . Meanwhile, thin layer chromatography (TLC) analysis revealed a great potential for E. agallocha that appeared in the form of the many bands on the TLC-plates. Combinations of ethyl acetate and methanol solvents were used to carry out the TLC. All pure solvents separated into seven bands and showed the presence of phenolic compounds. The results of the present study are corroborated with previous findings of 14, 38 that TLC chromatograms of plant extracts showed the presence of phenolic compounds, such as tannins and flavonoids and these compounds possess diverse biological properties such as anti-inflammatory, anti-bacterial and antioxidant activities. Supporting the results of the present study, 39 showed that E. agallocha bark fractions were a potential source of antioxidants and various phytochemicals give different Rf values in different solvent system. This variation in Rf values of the phytochemicals provides a very important clue in the understanding of their polarity and also helps in selection of appropriate solvent system for separation of pure compounds by column chromatography.
Compounds showing high Rf values in less polar solvent systems have low polarity and those with lower Rf value have high polarity. Mixtures of solvents with variable polarity in different ratios can be used for separation of pure compounds from plant extracts. The selection of appropriate solvent systems for particular plant extracts can only be achieved by analyzing the Rf values of compounds in different solvent system. Presently, TLC profiling using different solvent systems indicated the presence of diverse types of phytochemicals in these plants. Different Rf values observed for compounds also provide insight into their polarity. However, in the study of 40 reported that the biochemical assays such as total antioxidant and DPPH scavenging potential are particularly suitable for the evaluation of antioxidant activity of crude extracts. E. agallocha crude extract was as potent as Vitamin C with a maximum inhibition of 97% at 0.5 mg/ml in comparison to 95% for vitamin C at equal concentrations. Our findings were also similar to the findings of 13 that the qualitative DPPH assay revealed the presence of significant antioxidant activity in the alcoholic extract of E. agallocha, specified by a yellowish stain on the maroon background of a TLC plate the authors suggested that E. agallocha may have a potential antioxidant effect according to the DPPH antioxidant assay results.
Hence, the result obtained in the present study shows that the methanolic extract of E. agallocha has potential antioxidant properties as in agreement with previous study by 14, 39, 41, 42 . Therefore, E. agallocha can be used as alternative to the antibiotics for the treatment or prevention of bacterial infections in fish. 
CONCLUSION
The results of the present study concluded that the crude extract of selected mangrove plants is a good source of antimicrobial and antioxidant agents. However, further studies on the purification of bioactive compounds are currently under way to discover more effective solutions for treating diseases.
